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CelluloseAbstract The ultrasonic velocity (u), density (q) and viscosity (g) of Fructose, Lactose and Sucrose
in 0.4 M of Hydroxy Propyl Methyl Cellulose (HPMC) solutions have been investigated at 303, 313
and 323 K, respectively. The acoustical parameters such as adiabatic compressibility (b), intermo-
lecular free length (Lf), internal pressure (pi), Rao’s constant (Ra), relaxation time (s), acoustical
impedance (Za), absorption coefﬁcient (a/f
2), free volume (Vf), cohesive energy (CE) and solvation
number (Sn) have been computed. The non linear variations of acoustical parameters with concen-
tration and temperature indicated the existence of strong molecular interaction in the systems stud-
ied. The FTIR spectroscopic analysis revealed the possibility of intermolecular hydrogen bonding in
various saccharides.
ª 2014 King Saud University. Production and hosting by Elsevier B.V.D license.1. Introduction
The study of intermolecular interaction plays an important
role in the development of molecular science. A large number
of studies have been made on the molecular interaction by var-ious physical methods like infrared [5,23]. Cellulose derivatives
have gained acceptance for pharmaceutical, cosmetic food,
adhesives, textiles and packaging uses. They are non-toxic,
non-carcinogenic, biocompatible and in no way injurious to
the biological environment [6]. The acoustical and thermody-
namical properties of saccharides in aqueous and mixed aque-
ous solutions play a vital role in the biological and industrial
process. The electronic chemical potential describes the
changes in the electronic energy with respect to the number
of electrons, the chemical hardness and the global electrophi-
licity. It also measures the stabilization energy when the system
acquires an additional electronic charge from the environment
[2]. Binary and ternary aqueous solutions containing soluble
carbohydrates (i.e. Fructose, Lactose and Sucrose) have been
658 S. Punitha et al.widely used in food and pharmaceutical applications [21,12–
14,16,26]. Saccharides and their derivatives as the most abun-
dant class of bio-molecules are known to exist in a wide range
of forms which reﬂects their biological versatility diversity
function such as structure, protective metabolic recognition
etc. [27]. The saccharides molecules are designed to display
high receptor afﬁnity and selectivity, in addition to enhanced
bioavailability and metabolic stability [3]. Disaccharides can
stabilize the labile bio-molecules in aqueous solution by a com-
bination of kinetic and speciﬁc effects [1,28]. Interactions of
Hydroxy Propyl Methyl Cellulose (HPMC) with saccharides
are very important in exploring the stability of polysaccharides
in biological systems as well as in the chemical industry of sac-
charides. It is an essential component for maintaining cell via-
bility, a natural cell protective agent as well as energy reservoir
in many organisms [7] (see Fig. 13).
HPMC is a polysaccharide prepared from cellulose. It
contains both methyl and hydroxy propyl substitutes. In
the present study, HPMC has been chosen as polymer, as
they have many pharmaceutical and biomedical applications
[24]. Ultrasonic studies of saccharides have become increas-
ing and important in physical, biochemical and industrially
useful applications. For example, chemistry includes stereo-
chemistry of monosaccharide (micro-perspective) as well as
macro-perspective physical analysis of structural polysaccha-
rides such as peptideglycans in the cell wall. Chemistry of
saccharides is thus closely related to biological activities
and at the same time extends to all range of synthetic
chemistry.
The essential role of saccharide chains and their derivatives
as biologically active compounds draws an extensive attention
in the emulation of new therapeutic drugs. The large variety of
carbohydrate constituents available to the food manufacturer
offers a broad spectrum of properties when used individually
or in combination which range from high to low with respect
to sweetness, viscosity, consistency and solubility [22].
2. Material and methods
All chemicals used in this present work were of analytical re-
agent (AR) grade and spectroscopic reagent (SR) grades of
minimum assay of 99.9% obtained, chemicals, India. Double
distilled water was used to prepare the stock solution. Re-
quired amount of water and HPMC was taken to prepare
the composition of 0.4 M of binary mixtures and different con-
centrations of saccharides (i.e. Fructose, Lactose and Sucrose)
were dissolved in 0.4 M of aqueous HPMC solution. For this
different dissolved ultrasonic velocities of solutions were mea-
sured using a single frequency continuous wave ultrasonic
interferometer (Model F81, Mittal Enterprises, New Delhi, In-
dia) to an accuracy of ±0.05% at a frequency of 2 MHz at
303, 313, and 323 K. The temperature of the samples was
maintained constant to an accuracy of ±0.1 K using a thermo-
statically controlled digital water bath. The densities of the
solutions were measured using a speciﬁc gravity bottle with
an accuracy of ±0.01 kgm3. The viscosity was measured
using Ostwald’s viscometer to an accuracy of ±0.2%. The
FTIR spectra were collected for these samples using Fourier
Transform Infra Red Spectrometer (Spectrum RX, Perkin El-
mer). In case of powder samples of HPMC and saccharides,
the powder samples were mixed with KBr powder to form apellet and placed in a sample cup and measured [10]. All spec-
tra were collected in the range 4000–400 cm1. The KBr tech-
nique was used to prepare the samples for infrared
spectroscopy measurements.
3. Physical parameters
Thermodynamic parameters such as adiabatic compressibility
(b), intermolecular free length (Lf), internal pressure (pi),
acoustic impedance (Za), cohesive energy (CE), Rao’s constant
(Ra) and Solvation number (Sn) were calculated from empirical
Jacobson’s relations [18].
Adiabatic compressibility b ¼ 1=u2q ð1Þ
has been calculated from the u-ultrasonic velocity and q-den-
sity of the medium using the Newton–Laplace equation.
Intermolecular free length Lf ¼ KTb1=2 ð2Þ
where KT is the temperature dependent constant known as Jac-
obson’s constant (KT = 2.131 · 106), and b is the adiabatic
compressibility.
Internal pressure pi ¼ bRT½Kg=u1=2q2=3=M7=6 ð3Þ
(where, b stands for cubic packing, which is assumed to be 2
for all liquids), T-absolute temperature in Kelvin, where Meff
is the effective molecular weight of the mixture (Meff =
P
mi-
xi,where mi and xi are the molecular weight and mole fraction
of individual constituents, respectively K is a temperature inde-
pendent constant which is equal to 4.281 · 109 [17] for all liq-
uids, R is the universal gas constant, and g-Viscosity of the
solution).
Rao’s constant Ra ¼ ðM=qÞ ðuÞ1=3 ð4Þ
Relaxtion time s ¼ 4=3b g ð5Þ
Acoustic impedance Za ¼ q u ð6Þ
Absorption coefficient a=f2 ¼ ð8p2g=3qu2Þ ð7Þ
Free Volume Vf ¼ ðMeffu=K gÞ3=2 ð8Þ
Cohesive energy CE ¼ Vfpi ð9Þ
Solvation number Sn ¼ M2=M1 1 bbo
  
100 x
x
 
ð10Þ
whereM1, M2 are the molecular weight of the solvent and sol-
ute, b and bo are the adiabatic compressibility of solution and
solvent.4. Result and discussion
The values of density, viscosity and ultrasonic velocity of aque-
ous Hydroxy Propyl Methyl Cellulose (HPMC) in the presence
of Fructose, Lactose and sucrose at 303, 313 and 323 K tem-
perature are presented in Tables 1–3. By using ultrasonic
velocity and density, various acoustical parameters like acous-
tic impedance (Za), Intermolecular free length (Lf), and adia-
batic compressibility (b) were calculated using the acoustical
relations. The value of velocity, density and viscosity for
Table 2 Ultrasonic velocity and related acoustical parameters of Lactose in aqueous Hydroxy propyl methyl cellulose (HPMC).
Temp (K) Conc.
(%)
u ms1 P kg m3 g · 103
Nsm2
b · 1010
N1 m2
Lf A˚ pi · 106
Pascal
R · 105 s · 1010 Za · 106
kg m2 s2
a/f2 · 1010 Vf · 108 CE Sn
303 0.0 1569 1057 0.908 3.843 0.391 0.281 0.197 4.652 1.658 0.917 1.959 0.550 –
0.2 1527 1016 0.766 4.221 0.409 2.957 1.289 4.309 1.551 0.849 0.387 1.145 749
0.4 1531 1019 0.783 4.186 0.408 2.993 1.286 4.373 1.560 0.862 0.375 1.124 332
0.6 1534 1021 0.814 4.162 0.407 1.594 2.241 4.517 1.566 0.890 0.819 1.307 201
0.8 1539 1026 0.838 4.115 0.404 1.430 2.485 4.598 1.579 0.906 0.925 1.324 122
1.0 1543 1029 0.857 4.081 0.403 1.331 2.664 4.662 1.587 0.919 0.010 1.333 81
1.2 1547 1032 0.875 4.048 0.401 1.268 2.798 4.724 1.596 0.931 0.010 1.333 54
313 0.0 1577 1047 0.873 3.840 0.391 0.282 0.199 4.470 1.651 0.881 2.094 0.590 –
0.2 1541 1011 0.793 4.165 0.407 3.084 1.299 4.401 1.557 0.868 0.372 1.149 671
0.4 1545 1015 0.743 4.127 0.405 1.927 1.888 4.089 1.568 0.806 0.725 1.397 288
0.6 1548 1018 0.768 4.093 0.403 1.590 2.255 4.199 1.575 0.828 0.906 1.441 169
0.8 1554 1022 0.792 4.051 0.401 1.425 2.503 4.277 1.588 0.843 0.010 1.458 98
1.0 1559 1026 0.816 4.010 0.399 1.333 2.681 4.364 1.599 0.860 0.010 1.457 58
1.2 1562 1029 0.843 3.983 0.398 1.277 2.815 4.475 1.607 0.882 0.011 1.441 37
323 0.0 1583 1042 0.779 3.829 0.390 0.273 0.200 3.977 1.649 0.784 2.498 0.683 –
0.2 1552 1007 0.703 4.122 0.405 2.979 1.307 3.864 1.562 0.762 0.451 1.343 619
0.4 1557 1012 0.733 4.076 0.402 1.963 1.898 3.981 1.575 0.785 0.749 1.471 252
0.6 1563 1015 0.759 4.032 0.400 1.620 2.269 4.082 1.586 0.805 0.935 1.516 132
0.8 1567 1018 0.788 4.000 0.399 1.457 2.520 4.202 1.595 0.828 0.010 1.521 79
1.0 1572 1020 0.803 3.967 0.397 1.354 2.704 4.249 1.603 0.838 0.011 1.534 47
1.2 1578 1023 0.826 3.925 0.395 1.293 2.841 4.324 1.614 0.852 0.011 1.527 22
Table 1 Ultrasonic velocity and related acoustical parameters of fructose in aqueous Hydroxy propyl methyl cellulose (HPMC).
Temp (K) Conc. (%) u ms1 P kg m3 g · 103 Nsm2 b · 1010
N1 m2
Lf A˚ pi · 106
Pascal
Ra s · 1010 Za · 106
kg m2 s2
a/f2 · 1010 Vf · 108 CE Sn
303 0 1569 1057 0.908 3.843 0.391 0.281 0.197 4.652 1.658 0.917 1.959 0.550 –
0.2 1530 1011 0.859 4.225 0.410 4.109 1.023 4.839 1.546 0.954 0.229 0.942 400
0.4 1533 1013 0.883 4.200 0.408 3.047 1.337 4.946 1.552 0.975 0.330 1.005 183
0.6 1536 1016 0.917 4.171 0.407 2.710 1.500 5.099 1.560 0.100 0.373 1.011 110
0.8 1539 1019 0.948 4.143 0.406 2.553 1.599 5.238 1.568 0.103 0.393 1.003 73
1 1541 1022 0.976 4.120 0.405 2.467 1.665 5.362 1.574 0.105 0.402 0.992 52
1.2 1543 1025 1.02 4.097 0.403 2.440 1.711 5.578 1.581 0.110 0.393 0.961 39
313 0 1577 1047 0.873 3.840 0.391 0.282 0.199 4.470 1.651 0.881 2.094 0.590 –
0.2 1539 1007 0.762 4.192 0.408 3.974 1.029 4.256 1.549 0.839 0.277 1.101 388
0.4 1542 1010 0.787 4.163 0.407 2.956 1.343 4.367 1.557 0.861 0.396 1.171 175
0.6 1545 1012 0.818 4.139 0.405 2.630 1.509 4.516 1.563 0.891 0.446 1.174 106
0.8 1547 1015 0.845 4.116 0.404 2.476 1.608 4.637 1.570 0.914 0.471 1.167 72
1 1550 1018 0.872 4.088 0.403 2.396 1.675 4.753 1.577 0.937 0.480 1.151 50
1.2 1552 1021 0.923 4.066 0.402 2.384 1.721 5.006 1.584 0.987 0.461 1.101 37
323 0 1583 1042 0.779 3.829 0.390 0.273 0.200 3.977 1.649 0.784 2.498 0.683 –
0.2 1545 1004 0.691 4.172 0.407 3.891 1.034 3.843 1.551 0.757 0.322 1.255 390
0.4 1548 1007 0.715 4.144 0.406 2.897 1.349 3.949 1.558 0.778 0.459 1.332 176
0.6 1551 1009 0.747 4.119 0.404 2.583 1.515 4.105 1.564 0.809 0.514 1.329 107
0.8 1554 1012 0.773 4.091 0.403 2.434 1.615 4.217 1.572 0.831 0.541 1.319 71
1 1557 1014 0.816 4.068 0.402 2.381 1.684 4.428 1.578 0.873 0.533 1.271 50
1.2 1559 1017 0.851 4.045 0.401 2.351 1.730 4.591 1.585 0.905 0.525 1.235 37
Studies on saccharides in aqueous cellulose solutions 659HPMC+ Fructose, HPMC+ Lactose, and HPMC+
Sucrose is found to increase with increase of concentration
at all studied temperatures.
However, in general Fructose and Sucrose show a mini-
mum sound velocity, whereas for lactose velocity is maximum.
The above variation is shown in Figs. 4, 7 and 10. Variation inultrasonic velocity in any solution generally indicates molecu-
lar association in it. This is due to the interaction between
solution–solvent molecules. Interaction is weaker at minimum
velocity. But considering the density variations, the maximum
densities are recorded for Lactose whereas Fructose and
Sucrose density remain minimum. The decrease in adiabatic
Table 3 Ultrasonic velocity and related acoustical parameters of Sucrose in aqueous Hydroxy propyl methyl cellulose (HPMC).
Temp (K) Conc.
(%)
u ms1 P kg m3 g · 103
Nsm2
b · 1010
N1m2
Lf A˚ pi · 106
Pascal
R · 103 s · 1010 Za · 106
kg m2 s2
a/f2 · 1010 Vf · 108 CE Sn
303 0.0 1569 1057 0.908 3.843 0.391 0.281 0.197 4.652 1.658 0.917 1.959 0.550 –
0.2 1525 996 0.823 4.317 0.414 3.028 1.31 4.743 1.518 0.934 0.346 1.050 982
0.4 1529 999 0.852 4.281 0.412 1.986 1.911 4.862 1.527 0.958 0.582 1.156 447
0.6 1532 1002 0.854 4.252 0.411 1.642 2.283 5.013 1.535 0.988 0.722 1.187 273
0.8 1536 1006 0.921 4.213 0.409 1.481 2.533 5.173 1.545 0.010 0.801 1.187 181
1.0 1539 1009 0.949 4.184 0.408 1.388 2.714 5.296 1.552 0.010 0.854 1.184 131
1.2 1543 1011 0.965 4.154 0.406 1.316 2.853 5.346 1.559 0.010 0.903 1.189 97
313 0.0 1577 1047 0.873 3.840 0.391 0.282 0.199 4.470 1.651 0.881 2.094 0.590 –
0.2 1536 992 0.777 4.272 0.412 3.020 1.323 4.425 1.523 0.872 0.382 1.154 933
0.4 1540 995 0.791 4.237 0.410 1.965 1.924 4.470 1.532 0.815 0.657 1.291 423
0.6 1543 998 0.828 4.208 0.409 1.632 2.297 4.647 1.539 0.916 0.805 1.315 257
0.8 1547 1001 0.851 4.174 0.407 1.461 2.552 4.738 1.548 0.934 0.911 1.331 172
1.0 1552 1004 0.877 4.135 0.405 1.365 2.735 4.836 1.558 0.953 0.974 1.330 118
1.2 1555 1007 0.904 4.106 0.404 1.306 2.872 4.947 1.565 0.975 0.010 1.319 87
323 0.0 1583 1042 0.779 3.829 0.390 0.273 0.200 3.977 1.649 0.784 2.498 0.683 –
0.2 1544 987 0.661 4.249 0.411 2.462 0.210 3.747 1.523 0.738 3.077 0.757 –
0.4 1547 991 0.670 4.216 0.409 2.881 1.327 3.765 1.533 0.742 0.482 1.391 849
0.6 1551 994 0.722 4.182 0.408 1.929 1.930 4.024 1.541 0.793 0.762 1.470 381
0.8 1554 998 0.753 4.149 0.406 1.600 2.303 4.168 1.550 0.821 0.938 1.502 227
1.0 1558 1001 0.789 4.115 0.404 1.446 2.558 4.331 1.559 0.854 0.010 1.493 149
1.2 1561 1003 0.814 4.091 0.403 1.352 2.743 4.440 1.565 0.875 0.010 1.487 107
Figure 1 FTIR for HPMC+ Fructose.
660 S. Punitha et al.compressibility (1) is attributed to the inﬂuence of the electro-
static ﬁeld of the ions on the surrounding solvent molecules
[15]. The decrease in compressibility implies that there is en-
hanced molecular association in these systems upon increase
in solute content, as the new entities (formed due to molecular
association) become compact and less compressible. These also
suggest that the compressibility of the solution will be lesser
than that of solvent. As a result, solute will have mobility
and have more probability of contacting solvent molecules.
This may enhance the interactions between solute and solvent
molecules [17,8,4,19,9].
Figs. 5, 8 and 11 reveal that the adiabatic compressibility
values are larger in lactose mixture compared to sucrose andfructose which show that molecular association/interactions
are greater in lactose mixtures than that of other two mixtures.
The decrease in free length (2) with increase in solute concen-
tration indicates that there is a signiﬁcant interaction between
the solute and solvent molecules, suggesting a structure pro-
moting behavior on the addition of solute.
Due to thermal expansion of liquids an increase in tempera-
ture causes the free length to increase. The intermolecular free
length is another important factor in determining the existence
of interactions among the components of the solution as shown
in Figs. 6, 9 and 12. On analyzing the above referred Tables 1–3
for 303, 313 & 323 K, it is noticed that the free length reﬂects the
similar trend as that of adiabatic compressibility.
Figure 2 FTIR for HPMC+ Lactose.
Figure 3 FTIR for HPMC+ Sucrose.
Studies on saccharides in aqueous cellulose solutions 661The internal pressure decreases (3) and free volume in-
creases with increasing concentration. The internal pressure
may give information regarding the nature and strength of
forces existing between the molecules. In the entire table it
was observed that concentration of saccharides increases, free
volume increases, with decrease in internal pressure [9,25]. The
increase in free volume shows that the strength of interaction
increases gradually with the increase in solute concentration.
It represents that there is strong interaction between the solute
and solvent molecules.
The non-linear variation of Rao’s constant (Ra) (4) and the
gradual increase in acoustic impedance (Za) (6) with increase in
concentration predict the strong intermolecular association
complexes between the molecule of saccharide/polymer and
water molecules. The increase of saccharide concentration is
accompanied by an increase of relaxation time (5) .The inter-
action causing association between the saccharide moleculesand solvent molecules is responsible for the increase in relaxa-
tion time. The interaction causing association between the sac-
charide /polymer molecules and solvent molecules is
responsible for the increase in relaxation time.
Absorption coefﬁcient (a/f2) is a characteristic of the med-
ium and it depends on the external condition like temperature,
pressure and frequency of measurement [4]. The characteristic
of the medium also increases with increase in frequency [19].
Free Volume (Vf) is average volume in which the central mol-
ecule can move inside the hypothetical cell due to repulsion of
surrounding molecules. It is also referred as the void space be-
tween the molecule i.e. volume present as holes of monomer
size, due to irregular packing of solvent molecules.
Carbohydrates possess active groups, which are responsible
for their chemical behavior and physical interaction. These
groups are glycoside AOH, alcoholic AOH, and CHO or
(ACO). The values of pi initially decrease and increase at
Figure 4 HPMC+ Fructose (% Vs U).
Figure 5 HPMC+ Fructose (% Vs B).
Figure 6 HPMC+ Fructose (% Vs Lf).
Figure 7 HPMC+ Lactose (% Vs U).
Figure 8 HPMC+ Lactose (% Vs B).
Figure 9 HPMC+ Lactose.
Figure 10 HPMC+ Sucrose (% Vs U).
Figure 11 HPMC+ Sucrose (% Vs B).
662 S. Punitha et al.higher concentration of solutes, whereas decrease with eleva-
tion of temperature. The reduction in pi may be due to the
loosening of cohesive forces (9) which leads to breaking up
the structure of the solvent [11]. The increasing pi at higherconcentration may be due to the strengthening of cohesive
forces perhaps due to breaking up the structure of the solvent.
When the temperature is increased there is a tendency for the
solute molecules to move away from each other reducing
the possibility for interaction, which may further reduce the
Figure 12 HPMC+ Sucrose (% Vs Lf).
Studies on saccharides in aqueous cellulose solutions 663cohesive force and ultimately leads to an increase in the free
volume (3). Acoustic impedance (Za) is the impedance offered
to sound wave by the components of the mixture whereas the
relative association (Ra) is the measure of extent of association
of the components in the medium [13]. The increasing trend in
these parameters suggests the strengthening of interaction
among the component. The interaction may be solute–solute
or solute–solvent or solvent–solvent type, it is peculiar to note
that these two parameters depend on density. Solvation (10) is
the attraction and association of molecules in the solvent with
molecules. The negative values of solvation number (Sn)
emphasize that the solutions are more compressible than the
solvent.
Fourier Transform Infra-Red (FTIR) Spectroscopy is used
to study the formulations of pure HPMC, HPMC+ Fructose,
HPMC+ Lactose, and HPMC+ Sucrose blends. The FTIR
spectra show characteristic bands for HPMC as shown inFigure 13 The chemical structure of (I) Hydroxy Propyl Meth
Table a FTIR peaks of HPMC, HPMC+ Fructose, HPMC+ La
Peaks
(cm1)
HPMC
(cm1)
HPMC+ Fructose
(cm1)
HPMC+ Lactose
(cm1)
HPMC+
(cm1)
3500–3400 3483 3389 3165 3476
3000–2900 2933 2934 – 2843
1650–1600 1648 1642 1622 1609
1400–1350 1383 1399 1229 1364
1100–1000 1049 1069 1023 1101Table a. A representative FTIR spectrum for HPMC is shown
in Figs. 1–3 along with the corresponding spectra of pure Fruc-
tose, Lactose and Sucrose blended in the ratio of 1:1 respec-
tively. The spectrum of HPMC shows the characteristic
absorption of band positions and intensities observed in FTIR
spectra with wave number and intensities.
For HPMC: The peak at 3483 cm1 was due to OH vibra-
tional stretching. The symmetric stretching mode of ts methyl
and hydroxyl propyl frequency was found in the range of
2933 cm1 in which all the CH bonds extend and contract in
phase. The band at 1648 cm1 indicated the presence of
stretching vibration of tcAo for six membered cyclic rings.
The symmetric vibrations were mostly displayed in the range
of 1383 cm1 and suggested tc-o-c cyclic anhydrides. The bands
at 1049 cm1 were for stretching vibration of ethereal C-O-C
groups. The computed frequency of HPMC is in good agree-
ment with experimental frequencies for both carbohydrate re-
gion as well as OH and CH region [20].
A band at 3483 cm1 in HPMC shifted to 3389 cm1 &
3476 cm1 in HPMC+ Fructose & HPMC+ Sucrose (Figs. 1
and 3) was found to lie in the region of OH stretching vibra-
tion. But in HPMC+ Lactose (Fig. 2) peak 3165 cm1 indi-
cates the high interaction of OH bond. The peak at
2933 cm1 in HPMC shifted to peak at 2934 cm1 &
2843 cm1 in HPMC+ Fructose & HPMC+ Sucrose. The
intense peak of 1648 cm1 in HPMC shifted to 1642, 1622
and 1609 cm1 indicates the presence of stretching vibration
of tcAo for six membered cyclic rings in HPMC+ Fructose,
HPMC+ Lactose & HPMC+ Sucrose. The peak of
1383 cm1 in HPMC shifted to 1399 and 1364 cm1 indicatesyl Cellulose, (II) Fructose, (III) Sucrose, and (IV) Lactose.
ctose & HPMC+ Sucrose.
Sucrose Peak assignments
OH Stretching vibration
Stretching of methyl and propyl groups
CO six membered cyclic rings and propyl groups
CAOAC and symmetric bending of the methoxy group.
tas Pyranose ring
664 S. Punitha et al.the presence of stretching vibration for HPMC+ Fructose
and HPMC+ Sucrose. For HPMC+ Lactose the band at
1229 cm1 shows the CAO and CAOAC stretching complex
bands. The broad peak of 1049 cm1 in HPMC shifted to
1069 and 1023 cm1 in HPMC+ Fructose & HPMC+ Lac-
tose indicates the presence of CO bonds. In HPMC+ Sucrose
the peak at 1101 cm1 was assigned to CO and CAOAC
stretching vibration. The shift in frequencies is due to their po-
sition in the spectrum of cellulose illustrating more intimate
interaction between HPMC and the saccharides. The presence
of cellulose in the saccharides samples, therefore, was con-
ﬁrmed by the FT-IR spectra.
The results of the FTIR studies show solute–solute–solvent
interaction via hydrogen bond formation through the OH
groups. The strength of hydrogen bond formation depends
on the close approach of the interesting molecules. Among
the disaccharides studied the Lactose is found to have less
molecular strain due to the staggered conﬁguration with min-
imum steric hindrance from bulky groups. Whereas the steric
hindrance is relatively signiﬁcant in sucrose and another
monosaccharide fructose in the presence of HPMC, and water
which prevents the close approach, and strong hydrogen bond
formation. The OH frequencies decrease in the order H+
Sucrose > H+ Fructose > H+ Lactose. This in turn shows
a strong hydrogen bond formation with Lactose weakening
the OH bond strength. Due to the ﬂow of electrons from
molecular frame towards hydrogen bond forming oxygen the
asymmetric stretching frequencies of CO decrease in the order
HPMC>H+ Sucrose > H+ Lactose. Similarly the CAOAC
wave numbers also change in the order H+ Sucrose > H+
Fructose > HPMC>H+ Lactose. The FTIR data conﬁrm
the stronger hydrogen bond interactions with staggered Lac-
tose conﬁguration with minimum steric hindrance.
5. Conclusion
The disaccharide group of lactose shows an increasing trend of
sound velocity with concentration. The presence of solute–sol-
ute interaction is conﬁrmed. The strength of interaction is
found to be concentration sensitive of the disaccharide. Thus
above results could imply a greater ability of strong interaction
in Lactose to encapsulate biomolecules in more rigid and
packed structures and hence a greater bioprotector effective-
ness of Lactose with respect to Sucrose and Fructose. Lactose
is freely soluble in water than sucrose and fructose. Lactose is
widely used as ﬁller or diluents in tablets and capsules and to
more limited extent in lyophilized products, infant feed formu-
las and a diluents in dry-powder inhalations. Lactose has low
hygroscopicity and excellent physical and chemical stability.Acknowledgements
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